Abstract Substance use is highly prevalent among youth living with HIV (YLWH) and negatively impacts HIV care. This study sought to determine whether the CRAFFT (Car, Relax, Alone, Forget, Friends, and Trouble), designed to screen for problematic substance use, is reliably associated with substance use behaviors among YLWH. A cross-sectional sample of 2216 youth (ages 12-26) were recruited through the adolescent medicine trials network for HIV/AIDS Interventions. Participants completed a selfadministered survey. Over half screened positive on the CRAFFT (i.e., C2). Among frequent substance users, those older in age, behaviorally infected, with history of incarceration or unstably housed were more likely to screen positive on the CRAFFT. Study findings suggest that the CRAFFT reliably identifies youth who use substances.
Introduction
In 2014, youth 13-24 years of age accounted for 22% of new HIV infections and made up 7% of the more than 1 million people living with HIV in the United States (US [1] ). The use and misuse of alcohol, tobacco, marijuana and other illicit drugs is highly prevalent among adolescents and young adults [2] . One of the primary reasons for concern regarding substance use among youth living with HIV (YLWH) is its potential for contributing to disease progression, morbidity, and transmission. For example, people living with HIV who use substances are less likely to be prescribed antiretroviral therapy (ART), and those on ART have reduced adherence [3] . Research has also shown an association between active substance use (alcohol and illicit drug use) and high-risk HIV transmission behaviors, such as engaging in condomless anal and vaginal sex with HIV-negative partners [4] . This association may be particularly strong for adolescents and young adults whose cognitive control system is still developing [5] . Specifically, neural mechanisms in the developing brain lead to heightened responsiveness to both reward and emotional cues, while adolescents' behavior and emotion regulation capacities are still relatively underdeveloped [6] . In addition, tobacco use is highly prevalent among people living with HIV [7] , and has the potential to contribute to non-AIDS defining illnesses and mortality in this population [8] . Importantly, early substance use is associated with increased risk of substance dependence, psychiatric and medical disorders, and mortality [9] . In light of the risks associated with substance use, screening YPLH for substance use is critical.
Screening for substance use and identifying those with risky alcohol and drug use behaviors in primary care settings allows for integrated approaches to provide adequate preventative care and treatment. Alcohol and drug use screening is particularly important in HIV care settings where substance use is highly prevalent among patients [10] . The Patient Protection and Affordable Care Act, approved in 2010, supports the integration of substance abuse interventions and treatments into mainstream healthcare systems, and the U.S. Public Health Service has endorsed routine and universal alcohol and tobacco screening in primary care [11] . Screening, brief intervention, and referral to treatment (SBIRT) is an important model for identifying and addressing substance use problems in health care settings [12] . However, not all HIV primary care clinics routinely screen patients for alcohol and other substances [13] and the screening guidelines do not recommend a specific screening tool [14] .
Although multiple substance use screening tools have been validated for use with adults, recent meta-analytic work identifies only a few screening processes that have substantial empirical support for use with adolescents [15] . The first is the alcohol use disorders identification test (AUDIT), which screens for hazardous alcohol use, and the second is the drug use disorders identification test (DUDIT), which screens for drug-related problems. Both the AUDIT and DUDIT have been validated in samples of substance using adolescents [16] . The other is the CRAFFT (Car, Relax, Alone, Forget, Friends, and Trouble) questionnaire which was designed to assess the consequences of alcohol and/or other drug use and can identify problem and dependent use [17] . Although the AUDIT and the DUDIT are validated among adolescents, filling out both questionnaires involves answering up to 21 items with separate scoring for each tool. In contrast, the CRAFFT addresses both alcohol and other substance use in six items and has a relatively simple scoring system. A CRAFFT score of 2 or higher has been shown to have good sensitivity and specificity in identifying substance-related problems and disorders in a general population of adolescent medical clinic patients [14] . To date, the CRAFFT has been utilized in samples of youth living with HIV as an indicator of problematic substance use [18] [19] [20] [21] ; however, to our knowledge, research has yet to validate its use by examining how it is associated with self-report substance use behaviors.
Given the importance of brief screening tools for clinicians working with YLWH in HIV care settings, the purpose of this study is two-fold: (1) to determine if the CRAFFT is reliably associated with substance use behaviors among a sample of YLWH in a clinical settings; and (2) to examine if there are any sociodemographic differences, specifically by age, race/ethnicity, gender identity, sexual orientation identity, route of HIV acquisition, unstable housing, and history of incarceration, among those who were frequent substance users in the CRAFFT's ability to positively identify problematic substance use. A better understanding of whether the CRAFFT is associated with substance use behaviors, and is able to identify problematic substance use regardless of sociodemographic factors, will provide important information on whether the CRAFFT can be used in HIV care settings.
Methods
Details of the study methods have been described previously [20, 21] . From December 2009 through January 2012, 2216 youth living with HIV were recruited at 20 geographically diverse clinics to participate in a crosssectional survey. The clinics were broadly distributed across the continental United States and Puerto Rico in 17 metropolitan areas where HIV prevalence and incidence rates are high, including Boston, Baltimore, Chicago, Denver, Fort Lauderdale, Houston, Los Angeles, Miami, Memphis, New Orleans New York City, San Francisco, Tampa, Washington, DC, and San Juan, Puerto Rico. To be eligible, youth had to be: (1) between 12 and 26 years of age; (2) living with HIV/AIDS; (3) aware they were HIVinfected; (4) engaged in care in one of the adolescent trial network for HIV/AIDS intervention (ATN) adolescent medicine clinical sites or affiliates; and (5) able to understand English or Spanish. The study was approved by the Institutional Review Boards (IRB) at each participating site as well as those of members of the protocol team.
Sampling and Recruitment
Research staff approached all youth meeting eligibility criteria during one of their regularly scheduled clinic visits to describe the study. Youth were told that the purpose of the survey was to help design programs for youth and young adults living with HIV to help them lead healthier and happier lives. Youth were informed that the survey would ask questions about their health, sexual behaviors and substance use behaviors. After a thorough explanation of the study and its procedures, staff obtained signed informed consent or youth assent from all youth who agreed to participate. Eighteen of the 22 sites obtained waivers of parental consent; however, written parental permission was obtained when required for youth under the age of 18.
Procedures
Within 2 weeks of providing informed consent/assent, participants completed audio computer assisted self-interviews (ACASI) to assess psychosocial and health factors. The assessment took 45-90 min to complete. Participants were compensated for their time and transportation in accordance with site IRB guidelines.
Measures

CRAFFT
Regardless of whether participants reported any substance use, they completed the CRAFFT, which is a six-item behavioral health screening tool designed to assess the consequences of alcohol and/or other drug use (example items: ''Have you ever ridden in a CAR driven by someone (including yourself) who was 'high' or had been using alcohol or drugs?''; ''Do you ever use alcohol or drugs to RELAX, feel better about yourself, or fit in?''; ''Do you ever use alcohol or drugs while you are by yourself, or ALONE?''; ''Do you ever FORGET things you did while using alcohol or drugs?''; ''Do your FAMILY or FRIENDS ever tell you that you should cut down your drinking or drugs?; ''Have you ever gotten into TROUBLE while you were using alcohol or drugs?'') [22] . A score of two or greater indicates that individual may be at risk for substance-related problems and disorders [14] .
Substance Use
We used five indicators of substance use in our analysis (i.e., alcohol, marijuana, tobacco, non-marijuana illicit drug use, and a composite variable of any alcohol, marijuana, tobacco, or non-marijuana illicit drug use). The alcohol, smoking and substance involvement screening test (ASSIST) was used to collect data on the frequency of using ten different substances over the 3 months prior to completing the survey [23] . While the CRAFFT is not designed to assess tobacco-related problems, tobacco use frequently co-occurs with alcohol and other drugs [2] . Therefore, we included tobacco use as a substance use variable to determine whether the CRAFFT would be helpful tool for identify tobacco users. For tobacco, alcohol and marijuana use, we categorized use into none, at least once a month, and weekly or more. Given the small number of participants who endorsed weekly or greater non-marijuana illicit drug use, we create a dichotomous variable of any past 3 month non-marijuana illicit drug use (self-reported use of crack, cocaine, amphetamine, inhalants, opioids, sedatives, hallucinogens). Finally, we created a dichotomous variable (ATOD) indicating whether a participant reported weekly or greater use of alcohol, tobacco, or marijuana, or any past 3 month other illicit drug use.
Sociodemographic Variables
Participants self-reported their age, sex assigned at birth, gender identity, race and ethnicity, sexual orientation, route of infection with HIV, past history of incarceration, unstable housing (e.g., foster care or group home, halfway house, on the streets), their own monthly income, education level, and employment status.
Statistical Analyses
First, we calculated descriptive statistics to summarize substance use and other characteristics of the sample. Next, we examined bivariate differences using Fisher's exact tests and logistic regression models to compare sociodemographic and substance use behaviors according to whether or not participants screened positive on the CRAFFT (i.e., 2 or higher). Finally, we used a series of Chi square analyses to examine whether there were differences in key sociodemographic characteristics (i.e., age, race/ ethnicity, gender, and sexual identity, route of HIV acquisition, unstable housing, and history of incarcerations) among participants who reported weekly or more substance use by screening status on the CRAFFT.
Results
Participant Characteristics
The sample consisted of 2216 YLWH who ranged in age from 12 to 26 (M = 22.22, SD = 2.78). The majority of the sample was behaviorally infected with HIV (72.4%) and were members of racial/ethnic minority groups (64.0% Black, 19.7% Latino/Hispanic, and 7.6% other). More than half of the sample self-identified as a sexual minority (39.4% Lesbian or Gay, 12.2% Bisexual, and 2.9% Questioning or Queer). The majority of sample self-reported a male gender identity (63.8%); however, 3.2% identified as a transgender woman and 0.6% identified as a transgender man. Approximately half of the sample identified as students (51.7%) and 46.3% reported earning less than $250 per month. In total, 5.1% reported unstable housing and 31.9% reported a history of criminal justice involvement.
Over half of the sample screened positive on the CRAFFT (57.4%). In total, 61.2% (n = 1358) endorsed CAR, 43.7% (n = 970) endorsed RELAX, 43.0% (n = 954) endorsed ALONE, 26.5% (n = 589) endorsed FORGET, 25.2% (n = 559) endorsed FRIENDS or FAMILY, and 17.2% (n = 381) endorsed TROUBLE. On the ASSIST, the percent of participants reporting at least weekly use was 21.3% for alcohol, 32.9% for tobacco, and 27.5% for marijuana. Approximately one in four participants reported any non-marijuana illicit drug use (22.5%) in the past 3 months. The majority of the sample reported ATOD (59.8%).
As shown in Table 1 , youth who screened positive on the CRAFFT were significantly more likely to 18-20 years 2 (1) = 17.04, p \ 0.001) were more likely to screen positive on the CRAFFT if they had a history of incarceration compared to those with no history of incarceration. Youth who reported weekly or greater marijuana use were more likely to screen positive on the CRAFFT if they reported unstable housing compared to those with stable housing (v 2 (1) = 9.55, p \ 0.01). Furthermore, youth who reported any non-marijuana illicit drug use in the past 3 month were more likely to screen positive on the CRAFFT if they were behaviorally infected with HIV compared to perinatally infected (v 2 (1) = 9.75, p \ 0.01). There were no other significant sociodemographic differences by screening status on the CRAFFT among participants who reported substance use. 
Discussion
Approximately 6 out of 10 (57%) young people living with HIV in this sample screened positive on the CRAFFT (indicating problematic substance use). We found that the CRAFFT was reliably associated with each of the five substance use behaviors; that is, youth who reported higher levels of substance use had an increased odd of screening positive on the CRAFFT. Reported substance use in this HIV clinic sample was comparable to other studies of HIVinfected adult and young adults in HIV primary care [24] [25] [26] . When compared to the U.S. general population of young adults [2] , a number of studies, including ours, document considerably higher rates of smoking among YLWH, which is a serious concern given the welldocumented increased mortality associated with smoking among people living with HIV [27, 28] . This sample of YLWH exhibited slightly higher levels of marijuana and alcohol use compared to U.S. general population of youth but similar levels of non-marijuana illicit drugs [2] . Thus, this study underscores the importance of substance using screening in HIV care settings for YLWH. In this study, participants who were older in age, behaviorally infected with HIV, self-identified as white race/ethnicity, and those who identified as a male or transgender female compared to non-transgender females had a significantly higher odds of screening positive on the CRAFFT in the sample. The prevalence of substance use problems is known to increase with age in the general population and ethnic differences are documented in the literature [29] . Our findings are consistent with previous literature on sociodemographic and structural factors associated with substance use [30, 31] , which provides preliminary support for the utility of the CRAFFT as a brief screening tool for YLWH. An additional aim of the study was to examine whether there were any sociodemographic differences among those who reported frequent substance use among those who screened positive on the CRAFFT compared to frequent substance users who did not screen positive on the CRAFFT. Similar to the original validation study of the CRAFFT [14] , few socio-demographic differences arose among the youth who reported frequent substance use in our sample. Although this was the case, there were some differences that are worth noting. Specifically, for youth who reported weekly or more marijuana use and reported any other illicit drug, those who were older in age were more likely to screen positive on the CRAFFT compared to those younger in age. Given that the CRAFFT assesses whether youth have ever experienced negative consequences related to substance use (e.g., FORGETTING things while using drugs or alcohol), it plausible that older youth have had more opportunities to have had these experiences over the course of their lifetime. Among nonmarijuana illicit drug users, youth who were behaviorally infected with HIV were also more likely to screen positive on the CRAFFT compared to perinatally infected youth. It is plausible that behaviorally infected youth may use multiple substances as a means of coping with an HIV diagnosis and therefore, are more likely to experience greater consequences related to substance use. Notably, youth who with a history of incarceration and unstable housing who used substances were more likely to screen positive on the CRAFFT. Prior research illustrates the high co-occurrence of incarceration, unstable housing, and substance use among youth [32] ; thus, youth who report a history of incarceration and/or unstable housing may need additional assessments to better understand how contextual factors may exacerbate substance use. Specifically, the CRAFFT could be used to identify problematic substance use and then young people could receive brief interventions, and individuals with more severe substance use problems could be referred to specialized treatment. Given the high prevalence of substance use among YLWH and its impact on HIV care engagement [18, 21] , using the CRAFFT as a screening tool to guide delivery of brief interventions and/or referral to specialized substance use treatment for youth in HIV care settings could be a critical component of HIV care coordination. Research is warranted to better understand how the CRAFFT compares to other substance use screening tools to guide the delivery of brief interventions and/or treatment referral within the context of primary care HIV clinics for youth.
Study Limitations
The current findings must be interpreted in light of several limitations. First, the results are generalizable only to YLWH who have been diagnosed and linked to care in the cities which were represented with the ATN sample. Future work should extend these findings to other geographic regions that are heavily impacted by HIV in the United States. Second, the cross-sectional design of the study limits our ability to make causal inferences. Although ATOD At least weekly alcohol, tobacco, marijuana use and any other illicit drug use in the past 3 months *** p \ 0.001; ** p \ 0.01 ACASI technology was used to mitigate social desirability bias, the self-reported data from this study may still be subject to social desirability and recall bias; thus, to the extent that some participants may have underreported and others over-reported is unknown. However, self-report alcohol and other drugs has been shown to be generally reliable and comparable to other methods of substance use detection [26, 33, 34] . Fourth, other substance use screening tools, such as the AUDIT or DUDIT, were not included in the ATN survey and thus could not be used to further validate the CRAFFT results. Thus, future research is warranted to use more advanced statistical modeling to better understand the predictive validity of the CRAFFT. Fifth, the CRAFFT was not designed to screen for tobacco use; thus, although screening positive on the CRAFFT appears to be associated with tobacco use in this sample, without further information it is unclear whether this is because tobacco is commonly co-used with other substances or whether the CRAFFT can be used specifically to screen for tobacco use as well. Finally, an item determining the presence of heavy episodic alcohol use was not available. Although we can report on weekly or more frequent alcohol use, we cannot report our samples response to heavy episodic alcohol use, which is an important indicator for further assessment.
Conclusions
Despite these limitations, this study provides strong support for the usefulness of the CRAFFT as a screening tool for youth in HIV care settings. Given the high prevalence of substance use among YLWH and its potential impact on medication adherence and linkage to care, HIV clinical settings should systematically screen for and address substance use among youth in HIV care settings. Youth living with HIV may benefit from a holistic team-based approach to screening and brief intervention which is integrated into HIV care settings [24] .
